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Abstract 
Nowadays the palm oil (PO) has been identified as one biodegradable lubricant. In this experiment, the influence of lubricant on 
Acrylonitrile Butaiene Styrene (ABS) curve surface structure (CSS) sliding against ball bearing was investigated. The palm oil 
and commercial mineral oil (MO) were tested as the lubricant. The sliding friction was measured on a modified standard four-
ball tester with untested ball cup. It was found that the measured friction using palm oil lower than the mineral oil. For visual 
analysis, severe damage or worn wear were observed on unlubricated Acrylonitrile Butadiene Styrene curve surface structure.  
© 2013 The Authors. Published by Elsevier Ltd.  
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____________________________________________________________________________________________________________________ 
1. Introduction 
     This study is specified on the Tribology factor by focusing on the frictional torque, wear and lubricant used affect 
the curve surface structure (CSS). The CSS will be tested by different patterns of lubricant using modified 
tribometer equipment called modified four-ball tester (MFT). In this study, authors will be determined the friction 
value and wear figure on the curved surface by using hard-soft material where is metal as ball bearing and 
Acrylonitrile Butadiene Styrene (ABS) as workpieces tested. ABS recently have been used in industrial 
thermoplastic where have a broad range of performance characteristics. Model CSS created by using technology 
Fused Deposition Modeling (FDM) where is from basic Rapid Prototyping (RP) technologies. A rapid prototyping 
will be made product easily fabricated as part required compared to use metal [1].  
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     In this experiment, a palm oil (PO) and commercial mineral oil (MO) was used as the lubricant. The user of 
lubrication in tribological applications may reduce friction and wear [2-4]. In the automotive field, if viewed surface 
on the block hemi- engine (piston block). While other areas such as biomedical engineering at the knee and the ball 
joint applications so as figure 1.  
 
Mechanical field it must be explored to ensure the proper functioning of this hemi-surface can last longer and 
increase the engine power transmission and in the medical field is very important surface hemi-cared because it 
involves biological someone could be affected. Thus, appearing of friction and wear mechanism not only destroys 
the sliding surfaces, but the generation of wear particles which cause cavitation and can lead to the failure of the 
component function. There, a reasonable supply of lubricant resolves the adhesive wear problem occurring between 
two sliding surfaces.  
 
  
Fig.1. Represented curve surface structure on a hip prosthesis. 
 
 In the field of Tribology, lubrication can be considered as an integral part in any equipment or components. 
Without good lubrication, it will certainly be failure function well and very detrimental in turn, would be useless. 
The most important of lubricants to reduce wear and tear of the surfaces by avoiding direct metal to metal contact 
between the rubbing surfaces, such as by introducing lubricants between the two surfaces. Lubrication also works to 
avoid unsmoothed relative motion. The liquid lubricants form a very thin film between the moving surfaces and thus 
avoid the direct two contacts and reduce friction[5]. This condition is known as fluid film lubrication.  
Palm oil  is Bio-lubricant brings the meaning of biodegradable and renewable base stocks. They can be products 
from fatty acids from fats and oils, reacted with synthetic alcohols to produce esters. Not only that, natural vegetable 
oils can be treated through several processes to produce modified products that is renewable and biodegradable [6-
7]. The reduction of wear and friction losses is largely a function of improved lubricant. Therefore lubricant chosen 
should have the minimum viscosity under working conditions and at the same time, it should remain in place and 
separate the surfaces.  
The aim of this study to compare the friction,wear and lubrication involved in relative motion between ball 
bearing and hemisphere (curve surface structure) surfaces. It may help to prolong the life span of CSS with palm oil 
as  new introduced bio-lubricant in order to achieve a quality product.   
 
2.0 Standard four-ball tribometer 
 
In 1933, Boerlage pioneering works on the evaluated the lubricant. He was also one of the people develop four-
ball equipment in the year of 1933. The apparatus is using the four ball bearings and point contact of a symmetrical 
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of three balls. Early studied by  Boerlage and Blok with modification of the four-ball that the weighted and balanced 
chuck held the single ball [8].  
    Four-ball tribometer is one of the established tribometer for bearing tester. There are rare modifications made 
since it conceived by many researchers. First In Wright was determined the relationship between speeds and 
wear[9]. Most of researcher do modified on parameter testing on variety of temperature, speed control, load control, 
frictional mounting, different sample and lubricant [10-12] . 
 
 
Fig.2. Four ball tribometer and the schematic of standard inside part with lubricant. 
 
 
In general, four ball tribometer, have three bottom ball bearings are fixed together and infused with oil as 
lubricant.  Single ball bearing  (steel ball) will be attached to the top and the other three ball bearings will upload 
with necessary load  where is formed by the three clumped balls at three point contact. The top spinning steel ball 
rotates at the desired speed for set of duration in RPM and we allowed to set the temperature circumstance as 
desired. The four-ball tribometer components are involving part of listed:  
x An oil cup fitted with clamps to hold three balls in planar configuration. 
x A precision chuck to hold the fourth spinning ball. 
x A motor to drive the chuck. 
x A loading arm calibrated for the desired range. 
x A heating block below the cup. 
x A bearing system to support and center the sample cup. 
x A frictionless contact for thermocouples and heater connections, consisting of a mercury pool into which 
contact dipped. 
 
3.0 Experimental procedures 
3.1 Modified four ball tester 
 
In order to evaluate the effect of curved surface in wear and friction, the author designed new ball cap to replace 
three ball bearing locking ring as showed in Fig. 3. The work-piece will be allowed is approximately 3.47 mm on 
the depth of curvature surface. The purpose of this experiment is generally to measure or study the effect of curve 
surface structure (CSS) for variable parameters (load and speed) in term of friction (Table 1). In this experiment, the 
normal load (N) applied and sliding speeds (RPM) that predictable to influence the friction and wear characteristics 
were evaluated using modified single ball tribometer. 
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Fig. 3. From left to right (a) four-ball tester working concept to (b) schematic modified single ball (upper side) and level of lubricant put into ball 
cup/ curve surface. 
 
3.2 Experimental procedures 
 
In this experiment, the normal load (N) will be loaded and sliding speeds (RPM) that predictable may influence 
the friction and wear characteristics were evaluated using modified single ball tribometer. A detailed Table 1 
representing an experimental condition or a parameter considered during testing. In modification of four ball 
tribometer, a ball bearing (Chrome alloy steel made of AISI E-52100) on the top side was used, radius ~ 6.35mm 
and three bottom ball bearings was replaced by ABS workpieces (circular cup) with  clamped together and 
immersed with the test lubricant as Fig.3 (b). 
 
Table 1. Experimental condition on the modified single ball tribotest. 
Experimental 
Conditions 
Load (kg) Speed (rpm) Material hard (top)- soft (bottom) Lubricant 
40°C 40 100rpm Steel ball-ABS PO/MO 
 
The experiment was carried out for a duration period of 10 minutes for all lubricants. The three bottoms 
stationary balls in the wear test were evaluated the average diameter of the circular scar formed. Besides that, the 
lubricating ability of the RBD palm oil evaluated based on the friction torque produced compared with the 
commercial engine oil  (mineral oil). Before the experiment started, all parts of a single modified tribometer ball was 
clean, especially at the ball cup and the ball bearing assembly ballot, by  acetone liquid, and blotted with a fresh lint-
free industrial wipe. This is to ensure that, no need to persist solvent effects when placed lubricants. 
The ABS CSS was placed into the ballpoint assembly and tightened using a torque wrench in order to prevent 
the bottoms steel balls from moving during the experiment. The top spinning ball was locked inside the collect and 
tightened into the spindle. Lastly, test lubricant introduced into the ballpot assembly. Apart from that, the authors 
observed that this oil level fills all the voids in the test cup assembly. The ballpot assembly component will be 
installed on the non-friction disc in the four-ball machine. The load slowly applied on the machine to avoid shock 
loading that could affect the result.  
After that, heat temperature the lubricant used up to 40°C. When the set temperature is reached, we start the 
drive motor that it had been set to drive the top ball at desired speed. For the duration time of 10 minutes for its first 
attempt of this study, the heater is turned off and the oil cup assembly will be removed from the machine. The wear 
scars on the bottom side (CSS) were captured on a special base of a microscope that has been designed for the 
purpose. 
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4 Results and discussion 
Standard four ball tribometer, the study of friction wear and lubricant can be evaluated. In this experiment, the 
authors also successful modified standard four-ball by designing new four ball tribometer cup. It is very exiting this 
experimental allowed authors to explore the friction on CSS easily.  Fig.3 shows the four-ball tester is used to be 
modified four-ball to run an experiment on the CSS. The ABS CSS of the materials was evaluated with the help of 
Microscopy Image Analysis (MIA). Using this MIA, quantitative statements can be made about wear figure [13]. In 
other the frictional tests involved single ball bearing on the ABS CSS surfaces with free- lubricant (dry) and 
lubricants (PO/MO) for ten minutes on the samples.  
    
 
 
Fig.4. Represented a) ABS Curve surface structure (CSS) before experimental b) ABS CSS after experiment using lubricant and c) ABS CSS 
after experiment  without lubricant. 
 
 
In this experiment an investigation on the CSS without lubricant, it shows a damage surface called worn wear 
presented. Mostly, it prominently exhibited slightly on the high surface compared at the lower  CSS The absence of 
lubricants may affect  surface roughness changes to a characteristic of damage roughness  as shown in Fig 4 (c) ( 
surface should be similar to worn surface). However different results were also mentioned, in the next experiment 
CSS with lubricants were tested. CSS with free wear was observed from the PO and MO lubricant. Both surfaces on 
the CSS have no different roughness ended up with approximately no wear recorded or we accept the result is a fair 
surface in Fig 2 (a) compared the Fig. 2 (b) assumed workpiece totally smoothed. 
After the analysis of presenting above Fig.4 (a) - 4 (c) it was found, eventually wear will see depends on 
lubricant. The sliding pairs between the ball bearing and the CSS presented in the similar sliding speed and load. 
The lubrication film layer on the contact as the main factor effected wear rates.  
 
 
 
Fig. 5. A Frictional torque VS  lubricant with the same load and sliding speed. 
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The obtained results on surface appearance will make the lifespan of CSS pro-long depend on the lubricant 
composition. Under the same condition as that used for ABS CSS, the two lubricants were tested. At the moment 
when lubricant Palm oil  (PO) or mineral oil  (MO) applied  frictional torque is surviving  on the sliding contact 
(CSS). However from MIA this both lubricants (PO and MO) surface appearances in good condition. From Fig 5 
shows the average of frictional torque against palm oil and, mineral oil were 0.71Nm and 0.745 Nm, respectively. 
As lubrication, this experimental determined Mineral oil did not markedly compared to palm oil. Only a slight 
difference frictional torque recorded. Consistency of frictional may no longer yet until load, temperature and speed 
will be added. 
 
5. Conclusion 
 
The wear investigation of lubricated and unlubricated curve surface structure using ABS material the steel was 
obtained using a modified four ball tester. The results were compared mutually with two lubricants applied. The 
objectives of this research were achieved and the findings lead to the conclusion. The viscosity of lubricant is 
inversely proportional to lubricant applied. The friction torque obtained lubricated with palm oil is better than the 
mineral oil. The friction coefficient for MOM by lubricating palm oils decreased as the applied load increased. The 
visual image of wear on the lubricated sliding surface was hardly seen. The wear dominated increased when there is 
no presence of lubricant. The factor of unsaturated fatty acid palm oil plays an important role in reducing the friction 
torque and wear. Finally, Palm oil used as lubricant in four ball studied in CSS may be concluded and could be 
recognized as the potential lubricating oil because it possesses no additive formula and replenishes specifically 
reducing friction. 
  
Acknowledgement  
 
The authors wish to thank the Faculty of Mechanical Engineering at the Universiti Teknologi Malaysia for their 
support and cooperation during this study. The authors also wish to thank Research Management Centre (RMC) for 
the Research University Grant (GUP-03H58) from the Universiti Teknologi Malaysia, Fundamental Research Grant 
Scheme (FRGS) from the Ministry of Higher Education (MOHE) and E-Science Grant and ERGS from the Ministry 
of Science, Technology and Innovation (MOSTI) of Malaysia for their financial support. 
 
References 
 
[1]Ahn, S.-H., Montero, M., Odell, D., Roundy, S. and Wright, P. K. 2002. Anisotropic material properties of fused deposition modeling ABS, 
Rapid   Prototyping Journal 8(4), p. 248–257. 
[2]Kato, K.,  2000. Wear in relation to friction - a review, Wear 241, p. 151–157. 
[3]Wu, D., Liu, Y., Yang, S., Yang, Z. and Tang, H., 2012. Friction and wear characteristics of WC – 10Co – 4Cr / Si 3 N 4 tribopair lubricated 
under silt-laden water,Wear, 294–295, p. 370–379. 
[4]Al-araji, N. and Sarhan, H., 2011. Effect of Temperature on Sliding Wear Mechanism under Lubrication Conditions, International Journal of 
Engineering (IJE) 2, p. 176–184.  
[5]Lei, H., Guan, W. and Luo, J., 2002. Tribological behavior of fullerene – styrene sulfonic acid copolymer as water-based lubricant additive, 
Wear  252, p. 345–350.  
[6]Sumathi, S., Chai, S. P. and Mohamed, A. R. Ã., 2008. Utilization of oil palm as a source of renewable energy in Malaysia, Renewable and 
Sustainable     Energy Reviews 12, p. 2404–2421.  
[7]Syahrullail, S., Zubil, B. M., Azwadi, C. S. N. and Ridzuan, M. J. M., 2011. International Journal of Mechanical Sciences Experimental 
evaluation of palm oil as lubricant in cold forward extrusion process, International Journal of Mechanical Sciences 53, p. 549–555.  
[8]B. J.E. and D, 1971. Friction and wear testing with the modern fourball apparatus, Wear 17, p. 381–388,  
[9]Wright, M. V.K.J, S. and Costandy, S. S.,1989 Wear rate calculation in the fourball wear test, Wear 134, p. 321–334. 
[10]K. B.S, 2011. Evaluation of extreme pressure properties lubricating oils using four ball friction testing machine, International Journal of 
Advanced Engineering Technology 2,  p. 56–58. 
[11]Neyman, A., 2002. Comparative investigation of lubricant properties in friction and wear tests 2, Description of friction tests, KONES 
Internal Combustion Engine 1, p. 204–210. 
[12]Ing, T. C., Rafiq, A. K. M., Azli, Y. and Syahrullail, S. 2012. Tribological behaviour of refined bleached and deodorized palm olein in 
different loads using a four-ball tribometer, Scientia Iranica Transaction B 19(6), p. 1487–1492.  
[13]Geringer, J., Pellier, J., Cleymand, F and Forest, B., 2012. Atomic force microscopy investigations on pits and debris related to fretting-
corrosion between 316L SS and PMMA, Wear 292–293, p. 207–217.   
 
